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able for examination, it is clear that the Dehra Dun 
value of g should be strengthened by a new direct 
determination of the difference Kew—Dehra Dun. 

This could be made by sending the Indian pendulums 
back to Kew for a further set of observations to be 
made there, or, if the use of Invar pendulums is con¬ 
templated, then the new set of pendulums could be 
employed for this purpose. It is imperative that the 
value of g at Dehra Dun should be established so 
thoroughly as to be unimpeachable. 

G. P. Lenox-Conyngham. 

Trinity College, Cambridge, 

November 29. 


The remarks by Mr. Oldham in Nature of November 
18, p. 665, relating to a suggested variation in gravity, 
are of great interest. As a result of measurements 
of g at Melbourne in 1913, a doubt as to the invari¬ 
ability of g relative to that at Potsdam was forcibly 
borne to mind. The report (Gravity Observations, 
British Antarctic Expedition, 1910-1913) which 
gives the results of the Melbourne measurements, 
has been delayed in the press, but it is felt that there 
is some evidence in this case of a lack of constancy 
in the value of g relative to Potsdam. 

The problem is discussed in greater detail from 
another point of view in the Glaciological Report 
(Wright and Priestley), which is due to appear 
shortly. C. S. Wright. 

Wey Lodge, Portmore Park, Weybridge, 

November 20. 


Action of Cutting Tools. 

In the interesting letters by Mr. Mallock and Prof. 
Coker which have recently appeared in Nature, some 
points of importance to the elucidation of the action 
of a tool when operating on materials have been 
raised. 

Mr. Mallock appears to adhere to the view expressed 
in his paper of 1881 that the action is simply a 
phenomenon of shear. H. Tresca, however, two years 
after Mr. Mallock’s paper showed in his classical and 
extensive “ Memoire sur le rabotage des mdtaux ” 
(Memoires presenUs par divers savants a V Acadimie 
des Sciences de I’Institut de France. Tome 27, No. 1, 



1883) that the phenomenon was primarily one of 
plastic flow. The periodic rupture of the chip which 
takes place is subsequent to the plastic flow stage 
and depends upon the nature of the material being 
operated upon, the angle the tool face presents to 
the advancing stream of material, and. the velocity 
with which the material moves relative to the tool. 

This stage of the action is complex and does not 
appear to be understood fully. The plastic flow 
stage, however, is comparatively simple. 

In the diagram (Fig. 1) suppose that the tool T 
presents a plane face square to the advancing material. 
The portion A, which will ultimately form the chip 
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D, as it approaches the tool begins to flow in region 

B, which is Tresca’s zone d’activite. The flow reaches 
a maximum in the region C from which the chip or 
jet of metal D emerges, and Tresca in the light of the 
results of his remarkable and historical investigations 
on the flory and deformation of solids likens the action 
to the flow of the metal through a tube of shape ABC 
with its orifice open horizontally at the top part of 

C. Since no change in the density takes place the 
product of the co-ordinates xy (where the origin is at 
the tool edge) of a point on any surface in B and C 
continuous with a horizontal plane in A. must be 
constant, so that the traces of these surfaces in the 
sides and also the free edges of B are hyperbolas. 

This zone B can be seen in some of the beautiful 
photographs of cutting tools published by Mr. J. F. 
Brooks (Proc. Inst. Mech. Engrs., 1905, p. 365) and 
more especially in the last photograph of Plate 10. 
If now vertical lines be scribed upon the sides, the 
state of affairs during flow of a material which does 
not rupture for large body-shifts, such as lead, is 
represented by Tresca in Fig. 2. 



Here the maximum slide velocity is at the edge of 
the tool and in the horizontal plane through the edge. 
But one of the two important principles enunciated 
by Tresca is that during flow the maximum shear 
and maximum slide velocity are co-directional. We 
should therefore expect the material to rupture along 
this horizontal plane, and I think this can clearly be 
seen in Plate 11 of Brooks’s photographs of the tool in 
action on mild steel. 

Turning now to Prof. J. T. Nicolson’s and Dempster 
Smith’s experiments ( Engineer , 1905, p. 358) and their 
diagram of the formation of a chip (Fig. 9), it may be 
seen that though the diagram is complicated by 
rupture phenomena and by the fact that the tool is 
acting on a wedge-shaped part of the forging, Tresca’s 
representation of the plastic phenomena is well sub¬ 
stantiated and the maximum shear is clearly seen in 
the initial stages. 

The start of rupture along the horizontal plane is 
also clearly shown by Frederick Taylor in his presi¬ 
dential address before the American Society of 
Mechanical Engineers in 1906 (vol. 28), which is a 
monumental work on “ The Art of Cutting Metals.” 

The same views are expressed by C. Codron in his 
extensive series of “ Experiences sur le travail des 
machines-outils pour les metaux, ” published in the 
“ Bulletin de la SociSte d’Encouragement pour l'Industrie 
Nationals,” 1903-1905. 

The second important principle enunciated by 
Tresca, namely, the maximum shear across any face of 
a small right six face is a constant =K (Tresca’s plastic 
modulus), together with the one already mentioned, 
enabled Saint Venant to develop the general equa¬ 
tions of plastico-djmamics. If the mathematicians 
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could concentrate on this subject, they would do 
industry a real service, for nearly all industrial opera¬ 
tions such as punching, shearing, forging, milling, 
spinning, and, of course, the turning of metals, are 
plastic flow phenomena. 

During experiments I carried out with heavy lathes 
in 1908 for the purpose of finding the most economical 
high-speed steel to use, I encountered some chips 
which were not only straight but actually presented 
concavity to the tool face, and I have one of these 
chips now. They were produced at very high speed 
on steel, and are mentioned in the discussion of a 
paper read before the Siemens’ Stafford Engineering 
Society in 1908 (Proc., vol. 1, p. 93), on " The Plastic 
Deformation of Solids.” 

Brewster’s beautiful photo - elastic method and 
Professor Coker’s important applications of it en¬ 
able the stresses during elastic strain of the tool and 
material in the region A to be computed, but Taylor, 
in the work cited, has shown how a tool should be 
forged and supported on the saddle to give it maxi¬ 
mum life and maximum strength. 

Unfortunately for engineering industry in this 
country, nearly all lathes are built with the vertical 
space between the upper surface of the tool rest and 
the line of centres far too small to enable Taylor’s 
important conclusions to be put into practice. 

Alan Pollard. 

Imperial College of Science and Technology, 
November 29. 


I gather from Mr. H. S. Rowell’s letter published 
in Nature for December 9 that, while interested in 
the subject of the flow of metals in shavings, he is not 
altogether familiar with the work that has already 
been done on the subject. In a comprehensive 
“ Memoire sur le rabotage des metaux ” (which can¬ 
not be so well known as I have hitherto believed) 
published more than forty years ago, M. H. Tresca 
investigated the question of the curling of shavings, 
both experimentally and mathematically, the actual 
flow of the metal (expressed by a coefficient de 
reduction) being especially selected for study under 
very varied conditions. The following quotation 
indicates only part of the scope of the work : " Ces 
phenomdnes sont aussi ceux dans lesquels, pour la 
premiere fois, les metaux les plus durs, tels que 
1’acier, le fer, se comportent en realite comme le 
plomb, comme le savon, comme le cire, nous dirions 
presque comme les liquides, taut est complet le 
rapprochement que l’on doit faire entre les rides de 
nos differents copeaux et de veritables vagues de 
metal.” 

The memoir is published as one of the “ Memoires 
presentes par divers savants a l’Academie des 
Sciences de 1 ’Institut de France,” tome xxvii., 1883. 
Those familiar already with the beauty of the results 
obtained will pardon this effort to direct the atten¬ 
tion of others to the work. 

E. N. da C. Andrade. 

Artillery College, Woolwich, 

December 11. 


tion was made to the value of N so as to take account 
of the fact that with two electrons instead of one, 
the correction to the mass of the electron for the 
finite mass of the nucleus is no longer the same. 

It was assumed as a first approximation that the 
electrons would be arranged antipodally, and conse¬ 
quently the forces would be again central. So 
Curtis’s value of N for hydrogen was corrected so 
as to apply to a nucleus of infinite mass : 



Frequencies were then calculated from the formula 


These frequencies were then sought for in the 
secondary spectrum of hydrogen ; it is known that 
negatively charged atoms are to be found in hydrogen 
at fairly high pressures with intensity quite com¬ 
parable with that of the positively charged atom 
(“ Rays of Positive Electricity,” p. 39). As a result 
it was found that 47 lines in the secondary spectrum 
agreed with the calculated values within an absolute 
error of one unit of frequency, taking integral values 
of ot 2 and *, from 1 up to 10, and values of rtl a from 
1 to 15, while was taken as 2 and 3. 

This means that the frequencies can be looked on 
as a kind of “ summation tone,” being the sums of a 
Balmer or a Pascben frequency and a frequency in 
the infra-red. 

It was also found that in several cases a physical 
similarity of behaviour was common to “ series ” 
of the lines grouped according to the m’s and n’s 
concerned, though this was not exclusively true. 
As a standard of reference for the observed frequencies 
the values obtained by Merton and Barratt (Phi). 
Trans. A, 1922, pp. 388-400) were employed. 

As typical may be given the following ;— 


Formula, 

Calculated. 

Observed. 

Error dv. 

Character. 

3[9 

2'6 

16934-9 

16934-51 

+0-39 

2++CD 

3 -r.o 

2*6 

17193-3 

17192-14 

+0-16 

6++CD+ +HP+He 

3 [I 2 

2-6 

17537-6 

I 7527-47 

+ 0-13 

3++CD+HP 4--}-He 

3-13 

2*6 

17638-8 

17639-89 

-*■1 09 

o++CD -f+He 

6-6 

3-3 

18289-8 

18288-26 

+0-54 

0 

6-8 

3*3 

19623*4 

19622-74 

+o-66 

o+He 

6* 10 

3*3 

20240-7 

20240-71 

— 0-01 

3 +LP 


In the foregoing table, the figures in the last 
column refer to intensity and the symbols to the 
physical properties of the lines as given by Merton 
and Barratt (loc. cit.). 

It is hoped to complete these and similar calcula¬ 
tions shortly and also to investigate the conditions 
under which these lines should be enhanced. 

A. C. Menzies. 

Physics Laboratory, The University, Leeds, 
December 8. 


The Secondary Spectrum of Hydrogen. 

Since the negatively charged hydrogen atom is 
known to exist, from work on positive rays, it seemed 
likely that Silberstein’s particular solution of the 
three-body problem, applied by him to the case of 
neutral helium ( Astrophys. Jour., September 1922) 
should also be applicable in this case. Consequently 
the formula used by him was modified so as to apply 
to hydrogen (charge E instead of 2E, and hence N 
instead of 4N), and also a small but important correc- 
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Science and the Empire. 

The admirable sentiments expressed in the leading 
article in Nature of December 16 will undoubtedly 
be re-echoed by every scientific worker in the country. 
In stating, however,'that the British Science Guild is 
the only organisation which exists to undertake the 
propaganda work " for the extension of an under¬ 
standing of the influence of scientific research and its 
results,” the very effective propaganda which is being 
carried out by scientific workers themselves under the 
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